A primary lung cancer can produce a cavity in three ways. The first is 'cavitary necrosis' due to breakdown of the growth itself. The second is 'stenotic abscess' due to infection and breakdown of the lung parenchyma distal to bronchial obstruction caused by the growth. The third type is 'spill-over abscess'.
A primary lung cancer can produce a cavity in three ways. The first is 'cavitary necrosis' due to breakdown of the growth itself. The second is 'stenotic abscess' due to infection and breakdown of the lung parenchyma distal to bronchial obstruction caused by the growth. The third type is 'spill-over abscess'.
In the present series, necrosis and cavitation were observed in 100 cases out of a total of 632 primary ibronchial carcinomas seen at the London Chest Hospital from July 1967 to June 1970. There were 91 males and nine females with an average age of 58-45 years. All except one smoked very heavily and had considerable symptoms. The size of the cavities ranged from 1 to 10 cm and their wall thickness from 0 5 to 3 cm. They were single in 92 cases and multiple (up to four) in eight. In 42 cases, the cancerous cavitation was central, in 38 intermediate, and in 20 peripheral. The segments most frequently affected were the apicoposterior segment of the left upper lobe and the superior segment of the left lower lobe. For descriptive purposes, these cavitating carcinomas were also divided into six broad groups on the basis of radiological and pathological correlations. Neoplastic cells in the sputum were found in 64 cases. Bronchoscopy revealed growth in 42 cases and biopsy was positive in 48. The main microscopic feature was vascular invasion of medium-sized muscular arteries and veins found in the vicinity of every cavitating bronchial carcinoma. Invasion along with tumour plugging of the vessels was observed in 75 cases and thrombosis alone in 55 cases. There were 82 squamous-cell carcinomas, 11 undifferentiated carcinomas of large polygonal-cell type, and Iseven adeno-alveolar cell carcinomas.
The single most important and noteworthy feature in the present series was that oat-cell carcinoma hardly ever undergoes necrosis. Out of a total of 95 cases observed, only three showed necrosis, and this was minimal and characteristically devoid of cavitation. In oat-cell carcinoma vascular invasion and tumour plugging was not observed, though all showed rapid growth and most of them blocked the lobar bronchi completely. In the light of the present study, the main factors responsible for tumour necrosis were found to be gradual bronchial obstruction and associated vascular involvement, though in many cases an inherent propensity of the tumour played a major role.
A cavity or an abscess in the lung is defined as an abnormal hollow space within the lung parenchyma. Cavitation is one of the commonest phenomena in the lung. The development of the surrounding zone of reaction largely determines the character of the residual structural defect or 'cavity'. Lung abscess in its classical infective form is becoming less and less common, and the proportion of abscesses due to bronchial obstruction has steadily increased with the rising incidence of bronchial carcinoma.
Ameuille (1923) first observed the association of lung abscess and bronchial carcinoma. Describing a patient whose clinical and radiological features were compatible with an ordinary lung abscess, he examined the pus under the microscope and found cancer cells. Since then, Fried (1931) , Fishberg and Rubin (1929) , Roubier (1929), Maxwell (1934) , Reisner (1936) , Hauser and Wolpaw (1940) , Gray, Fryfogle, and Good (1951) , Brock (1952), Strang and Simpson (1953) , Bernhard, Malcolm, and Wylie (1962) , Zorini (1967), Berger and Thompson (1967) , and many others have described necrosis and cavitation in association with bronchial carcinoma. According to these authors the incidence ranges from less than 2% to more than 25%. This wide discrepancy lies in the fact that most of these clinicoradiological studies failed to reveal a cavity in a homogeneous opacity, because a comblined clinicopathological study was not made in correlation with the necropsy (Rosedale and Mackay, 1936; Strang, 1949) . Thus, in many instances, although the tumour was necrotic, the degenerated material remained in situ without being coughed up, and altbough the tumour is from the patholo- Before any anatomical study of the lung is undertaken, the lung must be inflated and re-expanded to life size. As the available methods of inflation and fixation were found to be unsatisfactory for the present study, an alternative technique was devised. Its aims were (1) to re-inflate the lung to its original dimensions so as to enable radiographs to be taken, and (2) to fix the lung rapidly in the fully expanded state for accurate histological study.
The first aim was achieved simply by inflating the lung with air impregnated with formaldehyde pumped into the bronchus under low pressure (40 to 60 mmHg). Radiographs of the inflated lung, together with bronchograms and angiograms where necessary, were taken and developed and as soon as they had been checked and passed as satisfactory, the lung was disconnected from the air pump. The second aim was fulfilled by running 10% aqueous formol saline at a pressure of 120 cm of water through a cannula tied into the bronchus until the whole lung was filled with liquid formalin.
The site, size, and shape of the cavitating tumour were then recorded and its relationship to the bronchus and pleura was noted along with any other associated abnormalities. Sections were taken from the growth with particular attention to (a) the histological type of the tumour, (b) invasion of vessels (lymphatics/veins/arteries), (c) thrombosis of vessels (veins/arteries), and (d) blocking of bronchi (major/ segmental / terminal).
Slides were stained routinely with haematoxylin and eosin and, where necessary, Verhoeff/van Gieson stain was used. Whole-lung preparations of a few specimens were also made to study further the macroscopic appearances of the necrotic and cavitating carcinomas and associated changes. The purpose was to provide a permanent record. All cavitating primary bronchial carcinomas were screened for neoplastic cells in both the sputum and bronchial washings (trap specimens) on at least five occasions, and wherever they were associated with pleural effusion examination of the pleural fluid was also made.
There were 91 males and nine females (ratio 10-1 :1). The age range was 31 to 75 years. The highest incidence of cavitation occurred in the 51-70 years group; the average age was 58-45 years (Table I) Peripheral cavitating bronchial carcinomas are situated at the periphery of the lung, arising in the minute distal bronchi and bronchioles which cannot be seen with the naked eye, and are not ordinarily visible on bronchoscopy. The right lung was involved in 45 cases and the left in 55. The segments most frequently affected were the apicoposterior segment of the left upper lobe (24 cases) and the superior segment of the left lower lobe (15 cases), followed by the apical segment of the right upper lobe (7 cases), the superior segment of the right lower lobe (8 cases), and the posterior segment of the right upper lobe (7 cases) (Table IV) .
There were 82 squamous-cell carcinomas, 11 undifferentiated carcinomas of large polygonal-cell type, and seven adeno-alveolar cell carcinomas (Table V) . chyma distal to an endobronchial growth. On the chest radiograph they simulate typically large infective abscesses. The significant difference is in the walls of malignant cavities which are usually thick and irregular and always exhibit nodulations of the internal contour (mammillations) (Fig. 1) . Being peripheral in situation, on bronchoscopy (in 20 patients) the growth was visible in only seven cases, although biopsy revealed cancer in 11 cases and neoplastic cells were found in the sputum in 13. There were 17 squamous-cell carcinomas, the remaining four being undifferentiated carcinomas of large polygonalcell type. Sixteen were surgical and five necropsy specimens. Nine of the 16 surgical patients were followed up for more than three years. Five are dead, and the remaining four are seriously ill. The other seven have been followed up for less than a year and are well. The cavities varied in size, ranging from less than 1-0 cm to over 10 cm, and had irregular walls varying from 0 5 to 3 0 cm in thickness. They were single in 92 cases and multiple (up to four) in eight. For the purpose of description, these cavitating carcinomas were divided into six groups. The data for this classification were obtained by scrutinizing the radiographs of the inflated lung or lobe and correlating them with the macroscopic features of the specimen. tive in seven and neoplastic cells were present in the sputum in 14 cases. Twenty were squamous-cell carcinomas, one was an undifferentiated carcinoma of large polygonal-cell type, and the other an adenocarcinoma. All were surgical specimens. Eight patients were followed for more than three years; three are dead, two seriously ill, and the remaining three are well and working. The other 14 have been followed up for less than a year and all are well. (C) SOLID LOBES CONTAINING A CAVITY These are examples of secondary carcinomatous abscesses and they occur in the infected lung parenchyma distal to the growth. Fifteen such abscesses were encountered, of which seven were associated with collapse and consolidation. On bronchoscopy a view of the growth was obtained in 11 cases and a positive biopsy in nine. In 11, neoplastic cells were found in the sputum. There were 12 squamous-cell carcinomas, two adenocarcinomas, and one undifferentiated carcinoma of large polygonal-cell typo. All were surgical specimens, the patients being followed up for more than three years. Four are dead, two are critically ill, and the remaining nine are well.
(D) THIN-WALLED CAVITIES RESEMBLING CYSTS These are rare and arise in pre-existing air cysts (due to obstructive emphysema) which become lined by cancer cells (Figs. 3 and 4) . Only three were encountered.
As was expected, bronchoscopy was normal and biopsy negative. (Tables VI and  VII) .
Vascular invasion, i.e., infiltration of cancer cells through the media with growth embedded in the intima, was frequently encountered on microscopical examination of these cavitating carcinomas (Fig. 9) . Often mixed with blood, the cancer cells produced socalled tumour thrombus, occasionally causing tumour emboli. However, with tumour plugging (Fig. 10) , vascular invasion was invariably found. In a few cases, solitary bland thrombosis occurring from the normal constituents of the blood was observed (Fig.  11) . The vessels involved were usually medium-sized muscular arteries and veins in and around the growth. Vascular invasion was present in 100%, invasion with tumour plugging in 75%, and thrombosis of at least one vessel in 55 % of the present cases (for comparison with non-necrotic and necrotic but noncavitating bronchial carcinomas, see Tables VIII and   IX) . Cavitation within a growth has been described as primary, and distal to the growth as secondary (Brock, 1952; Openshaw, 1952) , although these terms are not used universally at present. The development of necrosis and cavitation in a primary bronchial carcinoma depends to a large extent on the site and histological type of the growth. Koletsky (1938 ), Gray et al. (1951 , Laforet and Laforet (1957) , Bernhard et al. (1962) , and others indicated that the frequency of cavity formation increases with the histological grade of malignancy and the excavation is more likely to develop in large, widely infiltrating, peripheral carcinomas. In most series, including Davidson (1930) , Edwards (1938) , Brock (1952 ), Strang and Simpson (1953 ), Farber (1954 , Hinshaw and Garland (1966) , and Spencer (1968), squamous-cell carcinomas and undifferentiated carcinomas of large polygonal-cell type were found to be associated with necrosis and eventual cavitation more often than similarly situated adenocarcimomas.
The primary event in the causation of an infective lung abscess is almost certainly bronchial emboli which carry with them organisms, aerobic and anaerobic (often mixed and symnbiotic), and frequently of the types commonly found in the mouth and nasal passages. This embolism sets up an acute segmental or subsegmental pneumonitis, which presumagbly by causing secondary vascular thrombosis or by direct toxic action upon the lung tissue, gives rise to abscess or even leads to gangrene of the lung (Cutler and Gross, 1936; Brock, 1952) . However, this phenomenon can explain only cavitation of the 'spill-over' type, and in the present series only six examples of such cavitating bronchial carcinomas were obtained. In all these cases, associated vascular invasion and thrombosis were also noted. As the vascular supply of most bronchial carcinomas is richest at the margins, the cells at the centre of these growing carcinomas die of hypoxia due to lack of oxygen, and the result, as seen by the microscopist, is the familiar picture of necrosis.
Yet among the present series, there were oatcell carcinomas of more than 10 cm in diameter without a trace of necrosis, while some squamouscell carcinomas and undifferentiated carcinomas of large polygonal-cell type, as small as 0 5 to 1.0 cm, presented extensive necrosis in every lesion. slowly but, in the absence of air, the end-product remains semi-liquid in contrast to the horny character of the surface keratin. This is most evident in squamous-cell carcinoma of the mouth, pharynx, and larynx, and, to a lesser extent, of the cervix.
It is improbable that this mechanism of 'cyst' formation can also occur in primary squamouscell carcinoma of the bronchus. In the usual course of events, following occlusion of an arteriole by a viable thrombus of tumour cells, the vessel wall is invaded and access to perivascular spaces is gained. The cancerous process then spreads interstitially or through the alveolar spaces via the pores of Cohn. Eventually the pulmonary architecture is destroyed in the substance of a large tumour and central avascular necrosis ensues. As the tumour breaks into the alveoli, opportunities occur for these semi-liquid contents to communicate with the air passages, and the process of cornification is further facilitated. Continuous respiratory motion also assists in stripping the dehydrated, stratified material from the cavity walls and with continued growth the two combine to increase the size of the cavity while maintaining a wall of relatively constant thickness (Dodd and Boyle, 1961 ; Berger and Thompson, 1967) . These arguments are possible reasons for cavitation in some well-differentiated squamous-cel;l carcinomas. Another mechanism postulated to account for cavity formation is 'autophagism', the self-destruction of a tumour by the enzymes it secretes. The enzymes are supposedly lipolytic and proteolytic in type, resulting in digestion of neoplastic as well as surrounding healthy tissue, and they have been observed in pulmonary metastases of pancreatic and colonic adenocarcinomas (Dodd and Boyle, 1961; Zorini, 1967) . These metastatic carcinomas show a cystic tendency throughout their life, supposedly due to persistence of primitive secretory function. However, the relationship of this cystic tendency to pulmonary cavity formation is not clear. A preliminary search for enzymes in the present seven primary adenocarcinomas revealed no trace of any lipolytic or proteolytic activity, nor in 12 metastatic adenocarcinomas reported previously (Chaudhuri, 1970) .
Necrosis can also occur as a consequence of treatment with cytotoxic drugs or after irradiation, but none of the patients in this series had received any such treatment. It seems that the main factors responsible for tumour necrosis are bronchial obstruction and vascular involvement leading to ischaemia. The close proximity of many bronchial carcinomas to large vessels offers tumour tissue ample opportunity for invading both arteries and veins. The frequent occurrence of distant haematogenous metastases after surgical excision is a common experience, and this can occur only when malignant infiltration of the pulmonary veins has taken place. Since Siegert (1893) described macroscopic and microscopic evidence of malignant involvement of the pulmonary veins, Wolf (1895) , Weller (1929) , Simpson (1929) , McDonald and Heather (1939) , Aylwin (1951) , and Hinson and Nohl (1960) all noted frequent involvement of the pulmonary veins in primary bronchial carcinomas. Galluzi and Payne (1955) and Willis (1966) The 'stenotic abscess' type of cavity in a primary bronchial carcinoma probably follows a particular sequence of events. When situated either centrally or intermediately, these tumours usually cause incomplete or intermittent bronchostenosis. The process is followed by suppurative obstructive pneumonitis in the part of the lung distal to the growth. Nutrition of the affected segments thus suffers; the blood vessels in the region may show thrombosis and even bland infarcts may be observed (Hanbury, Cureton, and Simon, 1954) . The necrosed material is eventually coughed up when communication, however small, is established between the necrotic area and the bronchial tree, and a cavity is formed. In the present series, stenotic cavitation occurred in 17 cases; 14 were central in situation and three intermediate. Eight were squamous-cell carcinomas, six were undifferentiated carcinomas of large polygonal-cell type, and the remaining three were adenocarcinomas. Secondary carcinomatous abscesses due to 'spill-over' infected tumour emboli from a primary bronchial carcinoma elsewhere in the lung are usually small and localized but may form a diffuse, spreading process ultimately affecting a whole lobe. They may occur in the same ldbe as the primary growth but affecting an adjacent segment. When 'spill-over' abscesses occur in the lung opposite to the primary growth, they usually affect one of the classical sites for an inhalation abscess and may give a confusing clinical picture. There were six 'spill-over' abscesses in the present series; four of them occurred in the superior segment of the left lower lobe and the remaining two in the apical segment of the left upper lobe. Four were histologically squamous-cell carcinomas, the remaining two were adenocarcinomas.
The commonest type of cavitation in a primary bronchial carcinoma is cavitary necrosis. This type usually presents as a large peripheral carcinoma, though in the present series, as many as 28 central carcinomas had broken down to form cavities. The size of the breaking-down portion, and hence the size and character of the resultant cavity, varies considerably. If it is small, only one or two cavities may be seen in the middle of the growth. In other cases, the greater part of the growth may be necrotic, and a large peripheral cavity lined with growth will be found. The wall may be thin (sometimes even cyst-like) or moderately thick; most significantly, the wall is irregular and shows mammilations. The cavity may be of moderate size relative to the growth and may be placed eccentrically. On microscopic examination the vessels show invasion by cancer cells in all instances, occlusion by tumour plugging in most instances, and bland thrombosis in many cases. Of the 77 pulmonary cancers exhibiting 'cavitary necrosis', 70 were examples of squamouscell carcinoma alone, two were undifferentiated carcinomas of large polygonal-cell type, and the remaining five were adeno-alveolar cell carcinomas.
The single most important feature in this series is that oat-cell carcinoma hardly ever undergoes necrosis. Of the 95 cases, only three showed minimal necrosis, characteristically devoid of cavitation. Vascular invasion and tumour plugging were not observed. All showed rapid growth and most of them blocked the lobar bronchi (as they were almost always central in location) completely.
Cavitation in a primary bronchial carcinoma is correlated with a bad prognosis, because cavitary carcinomas usually show vascular invasion, 
